The protective effects of live Lactobacillus paracasei NFRI 7415 on alcoholic liver disease were investigated. Male Fischer 344 rats were fed a control diet (CD), an ethanol diet (ED) (35.8% of total energy from ethanol), or an ethanol diet containing 20% live Lb. paracasei NFRI 7415 (10 7 cfu/g) (LD) for 10 weeks. The results indicated that live Lb. paracasei NFRI 7415 reduced the total cholesterol concentration of the plasma and liver in the rats fed the LD. The level of docosahexaenoic acid (DHA; 22:6n-3) in the plasma and liver of the LD group was higher than in the ED group. Chronic alcohol consumption decreased the level of n-3 fatty acid in the plasma and liver of the ED group. These results indicated that live Lb. paracasei NFRI 7415 can adjust the fatty acid composition of the plasma and liver, and that it is possible to decrease liver damage due to chronic alcohol intake.
Alcoholic liver disease (ALD) has been increasing in Japan, as is evident in several recent surveys. 1, 2) Chronic alcohol intake causes the development of fatty liver, which leads to fibrosis and cirrhosis. 3, 4) ALD encompasses a wide spectrum of diseases, from steatosis, steatohepatitis, fibrosis, and cirrhosis to hepatocellular carcinoma. 5) The wide range of individual susceptibility to ALD can be explained by the genetic polymorphism of various metabolic and enzymatic pathways that modulate ethanol metabolism. 4) You and Crabb suggested that the effects of ethanol on lipid metabolism are caused by inhibition of peroxisome proliferator-activated receptor (PPAR) and stimulation of sterol regulatory element-binding protein (SREBP)-1c, resulting in a metabolic remodeling of the liver toward a fat-storing rather than a fat-oxidizing organ. 6) These effects can inhibit the action of AMP-dependent protein kinase and reduce plasma adiponectin, or increase the levels of tumor necrosis factor (TNF)-in the liver.
Lactic acid bacteria (LAB) have been utilized as a natural health food from ancient times, and the healthpromoting effects of LAB are well recognized. 7) Some Lactobacillus strains are used in food fermentation, and typical examples are found in the dairy industry for the production of cheese, yogurt, and other fermented milk products. [8] [9] [10] Recent studies have indicated that several Lactobacillus strains are effective for the prevention of ALD. For example, live Lactobacillus rhamnosus GG reduces endotoxemia and alcohol-induced liver injury in the rat. 11, 12) Segawa et al. found that intake of heat-killed Lactobacillus brevis SRB8803 is a promising way of preventing and alleviating ALD. 13) Previously, we reported that Lactobacillus paracasei NFRI 7415 isolated from a traditional Japanese fermented fish (funa-sushi) showed high -aminobutyric acid (GABA)-producing ability. 14) GABA has several wellknown physiological functions, including neurotransmission, induction of hypotensivity, a diuretic effect, and tranquilizer effects. 15, 16) Although we found that Lb. paracasei NFRI 7415 used the development of functional fermented food, this phenomenon has not yet been studied in vivo for humans and animals. Several studies have indicated that Lb. paracasei has hypocholesterolemic activity 9, 17) but to our knowledge no effect of Lb. paracasei in the prevention of ALD has been reported.
The aim of the present study was to examine the effects of live Lb. paracasei NFRI 7415 on the plasma lipid concentration in rats fed an ethanol-containing diet. We examined body and fat tissue weight, plasma lipid concentration, and mRNA levels expressed in the livers of rats. We hypothesized that Lb. paracasei NFRI 7415 reduces the plasma lipid concentration and identified potential to prevent ALD. Further, it has been reported that the ratio of long-chain polyunsaturated fatty acids (LCPUFA) of the plasma in chronic alcohol consumers fell.
18) Pita et al. reported that chronic ethanol ingestion induced important changes in LCPUFA. 19) In view of this, we investigated to determine whether chronic alcohol consumption affects plasma and liver fatty acid composition in rats.
Materials and Methods
Preparation of extract. A pre-culture of Lb. paracasei NFRI 7415 was grown to the stationary phase at 37 C for 20 h in MRS (Difco Laboratories, Detroit, MI) medium. The medium was prepared by mixing an ethanol diet and sterilized water (ED) at a ratio of 1 to 3. The pre-cultures (10 7 cfu/g) were inoculated in 0.4 liter the ED at 37 C for 48 h. The medium was immediately freeze-dried and used in the animal experiments.
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Animals and diets. Eighteen 5-week-old male Fischer 344 rats were purchased from Charles River Japan (Yokohama, Japan). All the animals were housed individually in stainless-steel cages under conditions controlled at a temperature of 22 AE 1 C at 50% relative humidity under a 12-h dark/light cycle (19:00-7:00). The animals were randomly divided into three dietary treatment groups with equal mean body weight: the control diet (CD) group (n ¼ 6), the ethanol diet (ED) group (n ¼ 6), and the freeze-dried medium with Lb. paracasei NFRI 7415 (10 7 cfu/g) and ethanol diet blended at a ratio of 1 to 4 (LD) group (n ¼ 6). The ED was approximately 100 mg/kg of live Lb. paracasei NFRI 7415, as in other studies. 20, 21) The composition of the liquid diets (CD, ED, and LD), shown in Table 1 , was formulated with reference to the Lieber-DeCarli diet.
22) The average caloric distribution for the nutrients in the ED and LD was as follows: 23.3% of total calories as fat, 11.1% as protein, 29.8% as carbohydrate, and 35.8% as ethanol ( Table 1 ). All the liquid diets were freshly prepared every day. The rats were fed the CD, ED, or LD for 10 weeks. Food intake was recorded daily, and body weight was measured on alternate days. After the feeding period, the rats were fasted for 16 h and sacrificed without affliction under ether anesthesia to collect the liver and peri-renal fat tissue. The blood was collected by heart puncture with a heparinized syringe. The blood was maintained at 4 C and centrifuged at 1,000 g for 15 min. The plasma and liver were stored at À80 C until they were analyzed. All procedures were performed in accordance with the Animal Experimentation Guidelines of the Laboratory Animal Care Committee of Seitoku University.
Biochemical assays of plasma and liver. Liver lipids were extracted by the method of Folch et al., 23) and triacylglycerol (TG), total cholesterol (T-cho), HDL-cholesterol, glucose concentrations in plasma and liver extracts were measured using test kits (Triglyceride E-Test Wako, Cholesterol E-Test Wako, HDL-cholesterol E-Test Wako, Glucose CII-Test Wako, purchased from Wako Pure Chemical Industries, Osaka, Japan). The low-density lipoprotein (LDL)-cholesterol concentration was calculated as follows: LDL cholesterol = T-cho À HDL-cholesterol À TG/2. The concentration of phospholipids in the liver was measured by the method of Bartlett. 24) We used test kits to assess the activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the plasma (Transaminase CII-Test Wako), leptin (Rat Leptin ELISA Kit), adiponectin (Rat Adiponectin ELISA Kit, Otsuka, Tokyo), and TNF-(Rat TNF-ELISA Kit, Shibayagi, Gunma, Japan).
Preparation of total RNA. Total RNA was extracted from frozen liver tissues using a Total RNA Miniprep Kit (Sigma-Aldrich, St. Louis, MO) and purified following to the manufacturer's instructions. The concentration of total RNA was estimated from the absorbance at 260 nm. These RNAs were used in real-time reverse transcription (RT)-polymerase chain reaction (PCR) analyses.
Relative quantitative reverse-transcriptase chain reaction analysis. Genomic DNA was eliminated, and single-stranded complementary DNA (cDNA) was synthesized using a PrimeScript Ò 1st strand cDNA Synthesis Kit (Takara Bio, Tokyo). The primers were purchased from Invitrogen Life Technologies Japan ( C for 5 min, followed by 40 cycles of 95 C for 10 s, 60 C for 30 s, and 95 C for 15 s. The data obtained were analyzed using the comparative cycle threshold method and were normalized by the -actin expression value. Melting curves for each PCR mixture were generated to ensure the purity of the amplification product.
Fatty acid compositions of plasma and liver. Fatty acid in the plasma and liver extract were methylated by the procedure of Morrison and Smith. 25) First, 1.5 mL of 0.5 mol NaOH dissolved in methanol was added to 0.2 mL of sample, and the solution was subjected to vortex mixing and then boiled in a water bath at 100 C for 9 min. Next, 2 mL of boron trifluorid methanol complex methanol solution was added to the mixture, which was subjected to vortex mixing and then incubated in a water bath at 100 C for 7 min. After cooling, n-hexane (3 mL) was added to the mixture, which was shaken well. The saturated NaCl solution (5 mL) was added to the mixture during vortex mixing, and then the mixture was subjected to centrifugation at 1;500 Â g for 10 min. The n-hexane phase containing the fatty acid methyl esters (FAME) was extracted. The FAMEs were analyzed with a Hitachi G-3500 gas chromatograph (GC) fitted with a split injector (250 C) and a flame ionization detector (260 C) coupled with a chromatointegrator (Hitachi D-2500). We used a TC-70 column (0.25 mm ID Â 60 m length, 0.2 mm film thickness; GL Sciences, Tokyo), with a helium (He) carrier gas flow rate of 1 mL/min. The column was isothermally kept at 190 C for 15 min, heated from 190 C to 200 C at a heating rate of 5 C/min, kept at 200 C for 10 min, heated from 200 C to 210 C at a heating rate of 5 C/min, and kept at 210 C for 4 min. Each FAME peak was identified with a standard FAME (Funakoshi, Tokyo).
Statistical analysis. Values were expressed as means AE SD. Repeated-measures analysis of variance (ANOVA) was used to evaluate the effects of groups. Differences in mean values between groups were tested by Scheffe's multiple-range test. A p-value of less than 0.05 was considered statistically significant. 
Results
Food intake, body and perirenal fat tissue weights, and liver lipids
The final body weight in the ED and LD groups was much lower than that in the CD group (p < 0:05) ( Table 2 ). However, there was no significant difference in the body weight between the ED and LD groups. No significant differences in food energy intake or in liver or perirenal fat tissue weight were observed among the three groups. Although no significant differences in total lipids and phospholipids of liver were observed among the three groups, the liver TG concentration of the ED and LD groups was more than 2 times higher than that of the CD group (p < 0:05). The liver T-cho concentrations of the CD and LD groups were lower than that of the ED group (p < 0:05).
Plasma lipids profiles
During the dietary treatment period, no significant differences in plasma TG or HDL-cholesterol concentration were observed among the three groups ( Table 3) . The plasma T-cho of the LD group was lower than that of the ED group (p < 0:05), but no significant differences in plasma T-cho were observed between the CD and ED groups. The plasma LDL-cholesterol and glucose concentration of the CD group was lower than that of the ED group (p < 0:05). But, no significant differences in plasma LDL-cholesterol were observed between the ED and the LD group. Although no significant difference in plasma AST, leptin, or adiponectin concentration lipids was observed among the three groups, the plasma ALT and TNF-concentrations of the CD and LD groups were lower than those of the ED group (p < 0:05).
Effects of live Lb. paracasei on mRNA expression in the liver
We investigated mRNA expression in the liver by real-time PCR. Figure 1 shows the expression of PPAR-, FAS, SREBP-1c, and MTTP mRNA in the liver, which were normalized using housekeeping gene - actin. Although no significant differences in liver PPAR-, SREBP-1c, or MTTP mRNA levels among the groups were observed, the liver FAS mRNA level of the CD and LD groups was lower than that of the ED group (p < 0:05).
Effects of live Lb. paracasei on the fatty acid composition of the plasma and liver
The fatty acid composition of the plasma is shown in Table 4 . There were no differences in the total saturated fatty acids in the plasma among the three groups. No difference was found in total unsaturated fatty acids in the plasma, although the level of palmitolenoic acid (16:1n-7) in the plasma of the ED and LD groups was higher than that in the CD group (p < 0:05). Although the eicosatrienoic acid (20:3n-6) of the plasma in the ED and LD groups showed lower tendency (p < 0:053), no significant difference was observed in total n-6 fatty acids in the plasma among the three groups. The docosahexaenoic acid (DHA) (22:6n-3) of the plasma in the CD and LD groups was significantly higher than that of the ED group (p < 0:05). The ratios n-6/n-3 of the CD, ED, and LD groups were 24.5, 40.1, and 22.8 respectively.
The fatty acid composition of liver is shown in Table 5 . There were no differences in total saturated, monounsaturated and n-6 fatty acids in the liver among the three groups. The DHA of the liver in the CD and LD groups was significantly higher than that of the ED group (p < 0:05). The ratio of n-6/n-3 of the CD, ED, and LD groups were 7.72, 14.8, and 8.97, respectively.
Discussion
In this study, we evaluated the effect of live Lb. paracasei NFRI 7415 on the plasma lipid concentration in rats fed an ethanol-containing diet. Although we provided same total energy intake to the three groups for 10 weeks, the final body weight of the ED and LD groups was lower than that of the CD group (p < 0:05) ( Table 2 ). Cho et al. have reported that ethanol consumption for 8 weeks, accounting for 36% of total energy intake, stunted the growth of the rats. 26) It has been reported that lower body weights and hair loss are symptoms of ALD, 27) and a high level of thiamin in urine is frequently observed in alcoholics. 28) It is assumed that the final body weights of the ED and LD groups were lower, because the same symptoms appeared in this study.
Frequent ethanol consumption causes increases in plasma TG and plasma lipoprotein metabolism. It has been reported that several enzymes involved in lipoprotein metabolism, such as lipoprotein lipase, hepatic lipase, and cholesterol ester transfer protein are affected by ethanol. 29) On the other hand, fermented dairy products such as yogurt utilizing LAB have been reported to lower serum cholesterol concentrations in animals. 30) It is assumed that these LABs decreased the serum cholesterol concentrations caused by chronic alcohol consumption. This is in agreement with our results (Table 3 ), indicating that the plasma LDLcholesterol of the ED group was higher than that of the CD group (p < 0:05). The LDL-cholesterol concentrations of the LD group tended to decrease (p ¼ 0:064).
The results of the plasma lipids profiles clearly indicate that the T-cho, ALT, and TNF-concentrations of the LD group were decreased by the addition of live Lb. paracasei NFRI 7415 (Table 3 ). Many researchers have stated that certain Lacutobacillus strains have hypocholesterolemic activity. [8] [9] [10] 13, 17, 31, 32) The mechanism of hypocholesterolemic activity in LAB is based on the binding abilities of cholesterol and bile acid. 17, 31, 32) Although on effect of oral administration of heat-killed L. brevis SBC8803 on TG and T-cho accumulation in the livers of mice given an ethanolcontaining diet has been reported, 13) no effect of live Lb. paracasei on plasma and liver total cholesterol in rats fed an ethanol-containing diet has been reported. Oh et al. found that oral administration of a GABA extract of germinated brown rice prevented ethanol-induced increases in the liver TG and T-cho concentrations in the mice. 33) Norikura et al. reported that GABA protected against the cytotoxicity of ethanol in isolated rat hepatocytes. 34) These resuls indicate that administration of GABA can help to prevent inhibition of ALD. Lb. paracasei NFRI 7415 produces GABA at a concentration of 302 mM under optimal cultivation conditions. 14) Hence, it is expected that Lb. Paracasei NFRI 7415 as well as probiotics Lactobacillus GG and other strains can act as functional foods for the improvement of ALD. 10, 11) Further studies are needed to investigate the mechanisms of this strain's hypocholesterolemic effects in animals and humans.
Plasma AST and ALT are enzymes recognized as indicators of hepatitis, liver cirrhosis, and cardiac infarction. TNF-is an inflammatory cytokine that can lead to the production of several cytokines in kupffer cells during the development of alcoholic fatty liver. 5) In our experiment, intake of live Lb. paracasei NFRI 7415 significantly slowed the increase in the plasma concentration of ALT and TNF-caused by ethanol intake.
Alcoholic fatty liver is characterized by increased concentrations of TG that are the result of impaired fatty acid catabolism in the activation of the SREBP-1 pathway. 6) Alcohol drinking activates hepatic stellate cells (HSCs) that produce endocannabinoids, which then increase the expression of SREBP-1c and FAS.
5) It has been reported that up regulation of SREBP-1 and SREBP-2 mRNA expression and the accumulation of triglyceride and cholesterol in the liver were inhibited by oral administration of heat-killed L. brevis SBC8803. 13) On the other hand, the hepatic TG content of the LD group that ingested live Lb. paracasei NFRI 7415 was not significantly suppressed as compared with the ED group in our experiment. There were no significant differences in liver SREBP-1c level (Fig. 1 ) or liver weight (Table 2) among the three groups, although the FAS gene of ED group increased. It is not clear at present that these mRNA levels in the liver have links with the liver TG concentration. Our results indicate that live Lb. paracasei NFRI 7415 did not affect the liver TG concentration in the LD group.
To investigate the effects of live Lb. paracasei NFRI 7415 on the plasma in rats fed an ethanol-containing diet, we measured the fatty acid compositions of the plasma and liver of rats. As Table 4 shows, chronic ethanol consumption increased the level of palmitolenoic acid (16:1n-7) in the plasma. Okada et al. reported that palmitolenoic acid in the plasma has a significant relation with abdominal adipoisty in obese children. 35) They indicated that chronic ethanol ingestion induces lifestyle related diseases, such as metabolic syndrome and type-2 diabetes. There are several reports that chronic ethanol consumption reduces the concentrations of LCPUFAs, such as arachidonic acid (20:4n-6) and DHA (22:6n-3) , in the plasma of humans 18, 19) and animals. 36) Arachidonic acid and DHA are important structural components of erythrocytes 37) and the central nervous system. 38) The activity of delta 6 and delta 5 desaturases in the livers of ethanol-fed pigs were lower.
39) It was indicated that chronic ethanol ingestion induces changes in essential fatty acids in the plasma and erythrocytes. In the present study, as shown in Tables 4 and 5 , there was no significant difference in the fatty acid composition of the plasma and liver among the three groups, except that the DHA of the plasma and liver in the CD and LD groups was higher than that in the ED group (p < 0:05). Our results indicated that chronic ethanol consumption affected the LCPUFA of the liver in rats, at least the concentration of DHA in the liver, and the intake of live Lb. paracasei NFRI 7415 may have exercised the physiological function of stabilizing the fatty acid composition of the plasma and liver. n-3 fatty acids are known to have a protective effect against cardiovascular diseases, 40) and hence it is necessary to measure the effects of this strain on the composition of fatty acids in erythrocytes and plasma phospholipids in other tissues in rats fed ethanolcontaining diets in the future.
In summary, our study clearly showed that intake of live Lb. Paracasei NFRI 7415 can remove cholesterol in vitro. It had a hypocholesterolemic effect on the plasma and liver in rats fed an ethanol-containing diet. It is possible that live Lb. paracasei NFRI 7415 can be used as a functional food effective for the comelioration of liver damage caused by chronic alcohol intake.
